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EMCal Performance Specs

• energy resolution: 
• ~12%/√E, driven by γ and e± measurement 

• acceptance over 2π and ±1.1 in η 
• together with HCal provide good jet reconstruction in 

central AuAu collisions 
• segmentation to allow 10 GeV γ reconstruction in central 

AuAu collision 
• minimize radial space inside solenoid (allow room for inner 

HCal & tracking) 
• density ~10g/cm3→X0 = 7mm, RM = 2.3cm 
• 90x π rejection @ 70% electron eff. (=50% Υ eff.)
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Reference design
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Figure 4.3: Test beam results for the semi-projective prototype calorimeter. Left: Energy
resolution for three different effective rapidities (h = 0.0, 0.3 and 0.9). Right: Calorimeter
response as a function of electron beam energy.

4.2.2 Module and Sector Design

The EMCAL will consist of 64 azimuthal sectors (divided longitudinally into 2 ⇥ 32) that
are supported by the inner HCAL. Each sector will subtend 11.2 deg in f and cover 1.1
units in h. They will be supported by rails that will be used for installing each sector one at
a time and will allow removal of any sector for service or repair. Each sector will contain
384 towers that will be constructed from blocks of 2 ⇥ 2 towers that will be joined together
to form modules consisting of 4 blocks containing 2 ⇥ 8 = 16 towers. Twenty four of these
modules will be used to form a sector. Table ?? gives the key parameters for the EMCAL.

Parameter Units Value
Inner radius (envelope) mm 900
Outer radius (envelope) mm 1161
Length (envelope) mm 2 ⇥ 1495 = 2990
Number of towers in azimuth (Df) 256
Number of towers in pseudorapidity (Dh) 2 ⇥ 48 = 96
Number of electronic channels (towers) 256 ⇥ 96 = 24576
Number of SiPMs per tower 4
Number of towers per module 2 ⇥ 8 = 16
Number of modules per sector 24
Number of towers per sector 384
Number of sectors 2 ⇥ 32 = 64
Sector weight (estimated) kg 326
Total weight (estimated) kg 20890
Average sampling fraction 2.3%

Table 4.1: Key parameters of the EMCAL

The current design assumes that all of the EMCAL towers are projective in both h and
f such that they point back to the collision vertex. However, since the collisions are
distributed longitudinally with a s ⇠ ±10 cm, the towers do not have to be perfectly
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projective. We envision that each 2 ⇥ 8 module will be oriented to be approximately
projective back to the nominal vertex position. Having projective modules will greatly
improve the ability to identify electrons from U decays at large rapidity. This will be
discussed in the simulation section below. The procedure for making doubly projective
SPACAL modules is currently being developed and is discussed in the next section.

Figure 4.4: EMCAL sector showing installation on the Inner HCAL.

Figure 4.5: Cross sectional drawing of an EMCAL sector.

Figure 4.4 shows the design of an EMCAL sector. Each module forms a slice in f that
gradually tilts along the z axis in order to project back to the vertex at larger rapidity. The
four 2 ⇥ 2 blocks within a module are glued together and the modules are placed side by
side in order to minimize any dead material. The blocks are attached to a support plate at
the back using small screws which is then attached to the rail system. The entire sector is
enclosed in a thin walled (⇠ 1 mm thick) stainless steel box that provides overall support
and light tightness. Figure 4.5 shows a cross section of the sector showing the location of
the absorber, the light guides, front end electronics and cabling. The towers are read out
from the front, which provides access to the electronics from inside the magnet using a
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EMCal Performance—test beam
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T-1018, O. Tsai, et al.

Energy resolution ~ 12%/√E 



module production
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Figure 4.8: Drawing of overlaid screens (left), and photo of fibers threaded through spaced
screens for 2D tapered module production (right).

Figure 4.9: 2D tapered block production at BNL: 3D printed mold (left), filled mold, con-
nected and ready to infuse epoxy (center), 2D tapered modules produced at BNL (right).

array with approximately 1 mm center to center spacing, and placed in a mold. Tungsten
powder is then poured into the mold and compacted, filling the spaces between the fibers.
Epoxy is infused into the tungsten powder.

4.2.3 Module Manufacturing

The EMCAL will require a total of 24576 towers that will consist 6144 2 ⇥ 2 tower blocks.
The manufacturing of such a large number of blocks is at an industrial scale and we
expect that these blocks can be manufactured by a commercial company utilizing mass
production techniques and industrial level quality control. The company we hope that
will be able to produce these blocks for us is Tungsten Heavy Powder (THP) [THP], which
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• Modules are formed by pouring 
tungsten powder and epoxy  
into a mold containing an array 
of scintillating fibers 

• Fibers are held in position with 
metal meshes spaced along the 
module 



module production 

• developing production process w/ 1 & 2 D 
projective modules 

• 1D projective modules: 
• density and fiber positioning tolerances 
• uniformity 
• epoxy filling 
• end machining 

• 2D projective modules 
• fiber positioning
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module production
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prototyping

• v1: 1D projective prototype
• 64 towers: 32 from THP, 32 from 

Illinois 
• combined EMCal/HCal testbeam 

April 2106 at Fermilab 

• v2: 2D projective protoype
• 2D projective production processes 

in development 
• testbeam at Fermilab ~Oct/Nov 

2016
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design
• issues 

• cables, cooling and electronics packing into the 
inner part to be done 

• cooling scheme to be developed and 
incorporated 

• deflection analysis
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SiPMs

• reference design: same sensors to be used for EMCal & 
HCal 

• reference device: Hamamatsu S12572 
• 15 μm2 pixel size 
• 40k pixels 
• 25% photon detection efficiency 
• spectral response: 320-900nm 
• concerns: 

• temperature dependence 
• radiation damage
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SiPMs
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Figure 6.6: Performance as a function of temperature - Hamamatsu S12572-015P MPPCs with
an sPHENIX preamp. Dark current as a function of temperature (top), signal (LED pulse)
amplitude vs temperature (center), and for the LED signal, stddev/mean vs temperature
(bottom)

were characterized before and after irradiation. Figure 6.8 shows a plot of the increasing
leakage current vs exposure time for the sipms tested. Hamamatsu SiPMs were irradiated
at Los Alamamos’ LANSCE facility to the approximate fluences expected over their lifetime
in sPHENIX (about 7x1010 n/cm2).Figure 6.10 shows before and after leakage current vs
Vbias curves for the devices. The S12572-015P shows an increase from 50nA to 250µA at
its operating voltage.
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Readout Electronics Calorimeter Electronics

Figure 6.7: Sipms in the PHENIX IR during Run 15 p-p running. The devices Hamamatsu
S12572-025P, -015P, and -010P all showed a steady increase in leakage current with cumulative
neutron fluence during Run 15.

The 5 SiPMs for a single tower are connected to an HCal Preamp Board where the signals
are passively summed, shaped and driven to Digitizer Boards that are located in racks near
the detector. Mounted on the end of an HCal half sector is an HCal Interface Board which
the SiPM bias voltage and low voltage for the preamps for the 24 towers in an HCal half
sector, along with current drivers for the LED calibration system and ADCs for monitoring
the SiPM temperature, bias currents and voltages. The Interface Boards are connected to
a Controller Board via a bi-directional serial link in a nearby crate. The Controller Board
transmits to the Interface Board the parameters for the temperature compensation and
gain control, LED enables and pulse trigger, and reads back monitoring information from
the Interface Board. Each controller board is capable of controlling 8 Interface Boards. A
Crate Controller communicates with the Controller Boards through parallel bus on the
crate back plans. Communications with the slow control system is Ethernet based.

A half sector of the EMCal consists of 384 towers in a 8 ⇥ 48 (f ⇥ z) configuration. To
match the mechanical layout of the EMCal towers, the EMCal preamps are mounted in a
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temperature dependence, 
reference sensor

measurements of SiPM 
current in PHENIX IR 
during RHIC running



calorimeter electronics

• same sensor for EMCal and HCal 
• similar readout for EMCal and HCal 
• local temperature monitoring/gain stabilization 
• LED based calibration system in preamp boards 
• digitizer based on PHENIX HBD design 

• 65 MHz digitization / 14 bit ADC 
• trigger primitives for L1 trigger 
• utilize existing PHENIX DAQ, ~15kHz rate
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EMCal organization
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EMCal Organization
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sPHENIX Project Office
E. O’Brien    Project Coordinator

J. Haggerty    Project Manager-Science

J. Mills          Project Manager-Engineering

D. Lynch       Chief Mech Engineer

I. Sourikova  Project Controls

R. Ernst         Project Resource Coordination

P. Giannotti   ES&H

EMCal

L2 Manager  WBS 1.5, 1.5.1

C. Woody

Design

1.5.3

C. Cullen

Prototyping

1.5.2

TBD

Production

1.5.4

TBD

8/20/2015 EMCal Review    Ed O'Brien



EMCal scope
• 4 SiPM/tower: ~100k SiPM 
• 3 rounds of prototyping 

• module production and assembly 
• 384 towers/sector 
• 64 sectors in full detector 
• 4 SiPM/tower 
• calibration and integration into sPHENIX
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EMCal budget/labor
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EMCal Labor Profile

8/20/2015 EMCal Review    Ed O'Brien 17

Estimated Budget Authority Profile

4626.5 k$FY15

Direct Costs. No Overhead and No Contingency

8/20/2015 EMCal Review    Ed O'Brien 18



timeline
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EMCal Milestone Schedule

8/20/2015 EMCal Review    Ed O'Brien 6



schedule summary

17

v1 prototype ongoing-Jun '16
v2 prototype Jun '16- Aug '17

preproduction 
prototype

Aug '17 - Aug '18
conceptual design Apr '16 - Dec '17
technical design Dec '17 - Jul '18

initiate production 
orders

Jul '18
tower fabrication Feb '19 - Oct '20

supermodule 
assembly

May '19 - Mar '21
ready for detector 

installation
Mar '21


